Two strains of Ixodes spirochetes, one isolated in the United States (B31) and the other in Sweden (G25), were examined by electron microscopy. Cells of strain G25 were 11-25 Am long with a wavelength of 2.1-2.4 Am and an amplitude of 0.4 Am. Eleven flagella were inserted subterminally at each end of the cell. Cells of strain B31 were similar but had eleven or seven flagella. Cytoplasmic tubules were not seen in cells of either strain. Although not identical, both strains showed ultrastructural details characteristic of the genus Borrelia.
RESULTS
Negatively stained cells of strain G25 Danderyd were 11-25 ism long with a rather regular wavelength of 2.1-2.4 zm and an amplitude of 0.4 Asm (Fig. 1) . The cells had pointed ends and their width increased gradually over about one wavelength to the full width of 0.3 lzm.
Eleven flagella were inserted subterminally at each end of the cell (Fig. 2) . The insertion points of the flagella were arranged in a row parallel to the long axis of the cell. The flagella wound around the cytoplasmic body and those originating at one end overlapped in the mid region with those originating at the other end. The shafts of the flagella were 17 nm thick. Some cells showed signs suggestive of an extra layer exterior to the outer membrane.
The cells were seen to divide by binary fission. The earliest sign of a division was the presence, in the mid-region of the cell, of points from which short flagella extended (Fig. 3) . At a later stage the daughter cells became separated by their cytoplasmic membranes, but were still connected by a mutual outer membrane (Fig. 4) . At this stage of the division process, the two new ends appeared truncated (Fig. 4) .
Negatively stained cells of strain B3 1 were 12-17 Atm long with a wavelength of 2.8 ,4m and an amplitude of 0.4 Am. These cells also had pointed ends and reached their full width of 0.3 Am at about one wavelength from the tips of the cells.
Eleven or seven flagella were inserted subterminally at each end of the cells (Figs. 5 and 6). Generally, each cell had the same number of flagella at both ends. The flagella were inserted in a row parallel to the long axis of the cell, and those from one end overlapped in the mid-region with those from the other end. Some cells seemed to possess a regularly structured surface layer. Flagella and membrane-like debris were the only cell components left on the supporting film of the grid after treatment of B3 1 cells with sodium deoxycholate (Figs.  7 and 8) . The basal complex at the insertion ends of the flagella could be resolved and was seen to consist of a pair of discs connected to the hook of the flagellum by a short rod (Fig. 8) . The shafts of the flagella were found to be either 16 nm (Fig. 7) or 21 nm (Fig. 8) thick, and occasionally the thicker flagella seemed to be covered by a sheath (Fig. 8) .
After Dividing cells were commonly observed in strain G25, and the division took place with obvious septum formation, similar to cells of the genus Borrelia [4] . In strain B3 1, dividing cells were seen less often. The few dividing cells observed were all in an early stage of division, so, at present, it is uncertain whether cell division in this strain takes place by simple constriction or after formation of true septa. Cytoplasmic tubules [3] were not seen in cells of either strain.
It is important to establish whether the Lyme spirochetes belong in the genus Treponema, Borellia, or in some other genus. In Tables 1 and 2 , it can be seen that cells of strain G25 have morphological similarities to cells of the genus Borrelia. Therefore, on morphological criteria alone, this strain can be regarded as a Borrelia. Yet, it should be noted that the cell-ends are not as sharply pointed and the number of flagella inserted at each end are not as great as for previously reported Borrelia spp. However, only five species [2;6;unpublished] of Borrelia have been examined by electron microscopy of negatively stained material. Thus, the variation in the shape of the ends of the cells and in the number of flagella may be larger than hitherto observed.
It is likely that strain B3 1 also belongs to the genus Borrelia. However, a variation was noted in wavelength and in the number of flagella inserted at each end, which suggests that this culture consists of two types of spirochetes. The cells of one type are similar to, if not identical with, the cells of strain G25, but the other type have only seven flagella inserted at each end and a slightly larger wavelength. Because some thicker flagella were observed in cultures of B31 cells, it is tempting to believe that these sheathed flagella are derived from cells with the lower number of flagella. This variation in flagella cannot be seen by light microscopy. It should be emphasized that this manuscript is a preliminary report about the morphology of Lyme disease spirochetes. Further studies are necessary on the ultrastructure of cloned cells of strain B31. More important, patient isolates need to be examined to determine whether Lyme disease is caused by the G25 type of spirochetes, by the "seven flagella kind" which were seen in cultures of strain B3 1, or by both.
